Of the many chemical methods designed to aid the demonstration of acid-fast bacilli in sputum, the majority prove unsatisfactory in some respect when tested in the laboratory. The ideal method must first kill contaminating organisms in the specimen and liquefy or homogenize the mucopurulent constituents so that bacilli present can be concentrated by centrifugation. It must also leave deposited bacilli which are viable and which can still be recognized when stained by standard methods. Griffith (1914) first used antiformin to destroy contaminating organisms. Petroff (1915) employed 3% NaOH, while Corper and Uyei (1927) found 6% H2SO superior to NaOH. In a preliminary paper Jungmann (1938) described an iron-acid peroxide method in which varying concentrations of reagents were tried for the liquefaction of tuberculous sputa. In a later paper Jungmann and Gruschka (1938) The mixture is allowed to react for five minutes with stirring, centrifuged for five minutes, and the deposit neutralized with either 2% sodium lactate, 2% sodium citrate, or several washes with normal saline.
Since the publication of Jungmann's method, a number of minor modifications have been made in the technique. These mainly affect the time taken for liquefaction and the duration of centrifugation. However, several more radical alterations have appeared in the literature over the intervening years.
These affect the volume strength of hydrogen peroxide used in digestion and the treatment of the centrifuged deposit when digestion is complete. In a survey of sputum concentration methods Baker (1951) During a trial of isoniazid in the treatment of pulmonary tuberculosis (Joiner, MacLean, Pritchard, Anderson, Collard, King, and Knox, 1952) it was decided to adopt Jungmann's technique for examining sputa before the contents of the working party's report were available. We used the method as originally described by Jungmann and Gruschka (1938) , and, in referring to this, observed that the method attributed to Jungmann in the Report and also by Baker (1951) and Collins (1952) which is taken to mean a 1-volume solution. In the proportions used, this gives a final concentration of only 0.3 volume hydrogen peroxide (0.1%) in the mixture with sputum added compared with 2.7 volume (0.8-0.9%) when a 10-volume solution is used. In a report on the demonstration of tubercle bacilli in infected material in the Monthly Bulletin of the Ministry of Health (1945) the use of a 1-volume solution is again described, and this is repeated in the paper by Baker (1951) and in that by Collins (1952) . The Report describes the use of slightly different amounts of sputum and reacting solutions, but the final concentration of hydrogen peroxide in the mixture using a 1-volume solution remains at 0.3 volume (0.1 %). Reference to standard textbooks shows that the use of weaker solutions is still recommended and attributed to Jungmann. Recent Advances in Clinical Pathology (Dyke, 1951) and Medical Bacteriology (Whitby and Hynes, 1951) both describe the use of 1-volume solutions in the standard technique.
It is clear, therefore, that there exists a widespread but erroneous practice which involves the use of peroxide solutions of approximately 1/10 of the concentration originally recommended by Jungmann and Gruschka. We therefore investigated the effect of varying volume strengths of hydrogen peroxide upon the speed and efficacy of liquefaction of sputum samples.
Experimental.-Specimens of mucopurulent sputa were divided into approximately 5-ml. amounts in four separate 15-ml. conical centrifuge tubes. Care was taken that there was an equal division of purulent and mucoid elements so that the tubes should be as nearly comparable as possible. Then 3 ml. of 10% FeSO4 in 10% H2SO4 was added to each tube followed by 3 ml. of one of the following volume strengths of hydrogen peroxide: 10, 5, 2, and 1. The tubes were stoppered and allowed to stand at room temperature for 15 minutes, shaking at five-minute intervals. At the end of the first five minutes it was clear that complete liquefaction had occurred in the tubes containing 10-and 5-volume solutions. Both tubes showed a thin, homogeneous fluid in which fine particles were evenly distributed. The remaining tubes containing 2-and 1-volume hydrogen peroxide still showed masses of stringy mucus which floated to the surface after shaking. This fully confirmed the original observation of Jungmann and Gruschka that five minutes was an adequate ti-ne for liquefaction when 10-volume solutions were used. However, all tubes were allowed to stand for a further 10 minutes in case the weaker solutions could effect liquefaction in this time. They were then centrifuged at 3,000 r.p.m. for 15 minutes and examined. Fig. 1 shows the appearance of the tubes after centrifugation. The incomplete liquefaction produced by the lower volume strengths is clearly seen, and is in striking contrast When weaker solutions of NaOH were used more accurate neutralization was possible, but the volumes involved were large. Re-centrifugation would therefore have been necessary when dealing with sputum, and in these circumstances the use of lactate or saline'is both simpler and less time-consuming. It may be added that neutralization of a deposit by re-suspension in a large volume of fluid is to be preferred when dealing with specimens from treated cases, since antituberculous drugs which may be excreted in the sputum are more likely to be washed from the deposit and discarded in the supernatant fluid. It seems, therefore, that the use of N/I NaOH as a neutralizing agent is a difficult and perhaps lethal procedure. Apart from the problem of detecting changes in the indicator and the danger of adding excess alkali, it is likely that precipitated ferric hydroxide is toxic to the tubercle bacillus in this concentration.
Microscopy of Centrifuged Deposits
The value of Jungmann's method in the preparation of smears from digested sputum is probably not widely recognized. It is of interest to quote the author's original remarks on microscopical examination:
"The sediment is easily, cleanly, and evenly smeared on a slide and adheres to the glass. Staining by the Z-N technique gives clear pictures that are free from artefacts, but it must be noted that the staining is inhibited by traces of residual acid, and the above washings must be carefully carried out. Cells appear slightly pyknotic, but the tubercle bacillus stains brightly and stands out well against a short application of methylene blue." These findings have been fully confirmed in our experience. It is our impression that the bacilli do, in fact, show a more vivid pillar-box red after digestion and washing, and are readily seen against a counterstain of malachite green or methylene blue.
The question arises as to the advisability of preparing smears from unwashed deposits. Baker used this method in his survey before staining by the auramine-phenol technique. It was decided to test the effect of residual acid on the staining properties of smears in view of the warning given by Jungmann and Gruschka.
Experimental. In a small pilot survey by one of us Jungmann's method has been compared with 4% NaOH. A hundred specimens were selected, of which 61 were negative on direct microscopy. All the specimens were obtained from patients under treatment with a variety of anti-tuberculosis drugs. The results are analysed in Tables I and 11. These may materially affect the efficiency of the method by resulting in poor concentration, reduced viability of bacilli, or diminished staining properties.
Results obtained with Jungmann's original method are analysed and a plea is made for further extensive laboratory trials to establish its position amongst other techniques of digestion.
